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2212-0416/ 2018 Elsevier B.V. All rights reserved.Many studies mapping, modelling and valuing ecosystem ser-
vices (ES) focus on a set of ES for a specific region or nation. Fre-
quently, such studies choose a geopolitical or topographical
border as their system boundary both for practical reasons and
possibly assuming that regions are closed systems. Most geograph-
ical regions, however, are open with respect to fluxes of matter,
energy and information. While national borders often limit trade
and flows of people to some extent, the same does not apply for
sub-national or regional boundaries. Many studies, however,
neglect the dependence on interregionally flowing ES, the extrater-
ritorial ES impact of domestic policies and thus telecouplings (Liu
et al., 2013) between regions. ES are diverse and flow across space
in diverse and complex manners. Some of these interactions
between regions are directly embedded in trade flows, for which
a large body of knowledge exists in fields that do often not explic-
itly study the trade of agricultural or forestry goods under the ES
framework (e.g. Koellner, 2011, Yu et al., 2013, Erb et al., 2009,
Kastner et al., 2011). Other flow mechanisms include migration
and dispersal of species (López-Hoffman et al., 2017), beneficial
biophysical flows across regions (Liu et al., 2016), avoidance of
detrimental flows, and information flows (Liu et al., 2015). Regions
are telecoupled with respect to the use of ‘‘overseas” ES through ES
flows, and probably depend (in absence of substitutes within the
own regions) on such ES flows. Coupling also takes place with
respect to ecological impacts of ES management in distant regions.
The importance of such interregional connections clearly limits the
informative value of regionally restricted place-based assessments
of ES and raises questions of interregional sustainability of ES use
(Schröter et al., 2017, Kissinger et al., 2011).
Ultimately, policies should evaluate impacts beyond the region
of immediate interest, to avoid undermining socio-environmental
stability in complex telecoupled systems (Pascual et al., 2017).
There is, hence, a need to consider such interregional ES flows
between sending and receiving systems. In this special section five
papers are collected which advance this field of global and interre-
gional flows of ES. In the first paper Schröter et al. (2018) provide a
conceptual framework and distinguish four different types of such
flows which are illustrated with four cases on coffee trade, flood
protection along the river Danube, migration of northern pintail
ducks, and information flows concerning the giant panda. The pre-
sented framing connects ES thinking with the telecoupling frame-
work and goes beyond earlier conceptual papers on spatial flows of
ES (Serna-Chavez et al., 2014; Bagstad et al., 2013, Syrbe and Walz,
2012, Liu et al., 2016). The distinguished types of flows are Flows of
traded goods which are derived from provisioning services and are
transported to a receiving system. Flows mediated by species
through migration and dispersal are provided by animals movingbetween sending and receiving systems, and can provide a variety
of provisioning, regulating and cultural services. Passive biophysical
flows comprise both the provision of beneficial flows (such as
freshwater) and the prevention of detrimental flows (such as flood-
ing risk) across long distances through biotic and abiotic processes.
Information flows are received through information cognition in the
receiving system, and provided by species and ecosystems in the
sending systems (such as information on the existence of an iconic
species). In the following papers specific flow types are further
investigated.
The second paper by Fridman and Kissinger (2018) analyses the
flows of agricultural commodities and the global impacts of their
production on water availability and erosion regulation. Such anal-
ysis stresses the importer/receiving countries’ dependency on ES in
the production/sending regions, but opens also the opportunity to
optimize the sourcing of commodities based on their ES impacts. In
the third paper Semmens et al. (2018) investigate flows of cultural
ES mediated through migratory species. The example of the Mon-
arch butterfly shows that migration of this species links the ES
sending system in Mexico with the ES receiving system in the
US. The fourth paper written by Quatrini and Crossman (2018) uses
the financial support to stop desertification as an indicator for glo-
bal demand for ecosystem services. In the light of the framework
paper this is seen as a flow of interregional co-production factors
(i.e., investment transfer) between the sending system and the
receiving system. The authors show that investment decisions
are in favour of regions with high levels of biodiversity, carbon
sequestration and wild food provisioning. The fifth paper by
Drakou et al. (2018) demonstrates how different types of interre-
gional flows combine in creating benefits for intermediate or end
users. This is exemplified through mapping ES flows in tuna fish-
eries, where flows mediated by species combine with trade and
other flows in a value chain.
These papers highlight individual mechanisms, which are cov-
ered by the framework provided by Schröter et al. (2018). While
telecoupling and flow of agricultural commodities through trade
systems are already studied for a long time through trade models
and life cycle assessment, these methods are often insufficiently
spatially detailed to allow place-based analysis of interaction with
other ecosystem processes and hence limited in the potential to
address potential tradeoffs between provisioning, regulating and
cultural ES in agro-ecosystems. Research is certainly needed to
better understand all four flow types on different spatial and
temporal scales and the emergent interactions between these
processes (i.e. species dispersal is, unintentionally, strongly
affected by trade flows of agricultural commodities, interregional
information flows on species and ecosystems might influence
230 Editorial / Ecosystem Services 31 (2018) 229–230the efforts to internationally support conservation). Feedbacks
between sending and receiving system are well elaborated in equi-
librium approaches in Computational Equilibrium Models and in
economic theory. However, to what extent demand is affected by
changes in (distant) supply of ES is a knowledge gap and highly
relevant in the context of unrealistically high future demands for
ES while facing limited resources. While National Ecosystem
Accounts and National Ecosystem Assessments (Schröter et al.,
2016) have gained popularity in recent years as an operational tool
to account for changes in ecosystem services the approach lacks
consideration of aspects of the receiving system’s dependency on
distant ES and impacts on ES in the sending systems. As the conse-
quences in the sending and receiving systems with respect to
investments and impacts finally determine the interregional
justice and equity of coupled regions, there is a need to extend
national assessments with an interregional component. The recent
assessments of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES), and in particular the
assessment on Europe and Central Asia, have put a particular focus
on interregional ES flows, but have also found knowledge gaps for
flows of regulating and cultural ES (IPBES, 2018).
The papers in this issue have advanced our conceptual and
empirical understanding of these flows and distant dependencies,
but at the same time, many challenges remain to properly embed
the characteristics of a very (tele)connected world in mostly
place-based assessment methods. Next to improving assessment
methodologies for the different types of ES flows and their respec-
tive impacts in the sending systems, important research questions
arise around the governance mechanisms of such flows, which
involves further development of policy instruments.References
Bagstad, K.J., Johnson, G.W., Voigt, B., Villa, F., 2013. Spatial dynamics of ecosystem
service flows: a comprehensive approach to quantifying actual services.
Ecosyst. Serv. 4, 117–125.
Erb, K.-H., Krausmann, F., Lucht, W., Haberl, H., 2009. Embodied HANPP: mapping
the spatial disconnect between global biomass production and consumption.
Ecol. Econ. 69, 328–334.
Drakou, E., Virdin, J., Pendleton, L., 2018. Mapping the global distribution of locally-
generated marine ecosystem services. Ecosyst. Serv., 279–289.
Fridman, D., Kissinger, M., 2018. An integrated biophysical and ecosystem approach
as a base for ecosystem services analysis across regions. Ecosyst. Serv., 1–13.
IPBES, 2018. Summary for policymakers of the regional assessment report on
biodiversity and ecosystem services for Europe and Central Asia of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services. M. Fischer, M. Rounsevell, A. Torre-Marin Rando, A. Mader, A.
Church, M. Elbakidze, V. Elias, T. Hahn. P.A. Harrison, J. Hauck, B. Martín-
López, I. Ring, C. Sandström, I. Sousa Pinto, P. Visconti and N.E Zimmermann
(eds.)., Bonn, Germany.
Kastner, T., Erb, K.-H., Nonhebel, S., 2011. International wood trade and forest
change: a global analysis. Global Environ. Change 21, 947–956.
Kissinger, M., Rees, W.E., Timmer, V., 2011. Interregional sustainability: governance
and policy in an ecologically interdependent world. Environ. Sci. Policy 14, 965–
976.
Koellner, T., (ed.), 2011. Ecosystem Services and Global Trade of Natural Resources.
Ecology, Economics and Policies. Routledge, Abingdon.
Liu, J., Hull, V., Luo, J., Yang, W., Liu, W., Viña, A., Vogt, C., Xu, Z., Yang, H., Zhang, J.,
An, L., Chen, X., Li, S., Ouyang, Z., Xu, W., Zhang, H., 2015. Multiple telecouplings
and their complex interrelationships. Ecol. Soc. 20.Liu, J., Hull, V., Batistella, M., DeFries, R., Dietz, T., Fu, F., Hertel, T.W., Izaurralde, R.C.,
Lambin, E.F., Li, S., Martinelli, L.A., McConnell, W.J., Moran, E.F., Naylor, R.,
Ouyang, Z., Polenske, K.R., Reenberg, A., de Miranda Rocha, G., Simmons, C.S.,
Verburg, P.H., Vitousek, P.M., Zhang, F., Zhu, C., 2013. Framing sustainability in a
telecoupled world. Ecol. Soc. 18.
Liu, J., Yang, W., Li, S., 2016. Framing ecosystem services in the telecoupled
Anthropocene. Front. Ecol. Environ. 14, 27–36.
López-Hoffman, L., Chester, C.C., Semmens, D.J., Thogmartin, W.E., Rodriguez
McGoffin, M.S., Merideth, R., Diffendorfer, J.E., 2017. Ecosystem services from
transborder migratory species: implications for conservation governance. Annu.
Rev. Environ. Resour. 42, 509–539.
Pascual, U., Palomo, I., Adams, W., Chan, K., Daw, T., Garmendia, E., Gómez-
Baggethun, E., de Groot, R., Mace, G., Martin-Lopez, B., Phelps, J., 2017. Off-stage
ecosystem service burdens: a blind spot for global sustainability. Environ. Res.
Lett. 12, 075001.
Quatrini, S., Crossman, N.D., 2018. Most finance to halt desertification also benefits
multiple ecosystem services: a key to unlock investments in Land Degradation
Neutrality? Ecosyst. Serv., 266–278.
Schröter, M., Albert, C., Marques, A., Tobon, W., Lavorel, S., Maes, J., Brown, C., Klotz,
S., Bonn, A., 2016. National ecosystem assessments in europe: a review.
Bioscience 66, 813–828.
Schröter, M., Stumpf, K.H., Loos, J., van Oudenhoven, A.P.E., Böhnke-Henrichs, A.,
Abson, D.J., 2017. Refocusing ecosystem services towards sustainability.
Ecosyst. Serv. 25, 35–43.
Schröter, M., Koellner, T., Alkemade, R., Arnhold, S., Bagstad, K.J., Erb, K.-H., Frank, K.,
Kastner, T., Kissinger, M., Liu, J., López-Hoffman, L., Maes, J., Marques, A., Martín-
López, B., Meyer, C., Schulp, C.J.E., Thober, J., Wolff, S., Bonn, A., 2018.
Interregional flows of ecosystem services: concepts, typology and four cases.
Ecosyst. Serv., 1–11.
Semmens, D.J., Diffendorfer, J.E., Bagstad, K.J., Wiederholt, R., Oberhauser, K., Ries, L.,
Semmens, B.X., Goldstein, J., Loomis, J., Thogmartin, W.E., et al, 2018.
Quantifying ecosystem service flows at multiple scales across the range of a
long-distance migratory species. Ecosyst. Serv., 1–10.
Serna-Chavez, H., Schulp, C., van Bodegom, P., Bouten, W., Verburg, P., Davidson, M.,
2014. A quantitative framework for assessing spatial flows of ecosystem
services. Ecol. Indic. 39, 24–33.
Syrbe, R.-U., Walz, U., 2012. Spatial indicators for the assessment of ecosystem
services: providing, benefiting and connecting areas and landscape metrics.
Ecol. Indic. 21, 80–88.
Yu, Y., Feng, K., Hubacek, K., 2013. Tele-connecting local consumption to global land
use. Global Environ. Change 23, 1178–1186.
Thomas Koellner a,⇑
Matthias Schröter b
Catharina J.E. Schulp c
Peter H. Verburg c,d
a Professorship of Ecological Services (PES), Faculty of Biology, Chemistry
and Geosciences, BayCEER, University of Bayreuth, Universitätsstr. 30,
95440 Bayreuth, Germany
bUFZ – Helmholtz Centre for Environmental Research, Department of
Computational Landscape Ecology, Permoserstr. 15, 04318 Leipzig,
Germany
cVrije Universiteit Amsterdam, Environmental Geography Group, De
Boelelaan 1085, 1081 HV Amsterdam, The Netherlands
d Swiss Federal Research Institute for Forest, Snow and Landscape (WSL),
Birmensdorf, Switzerland
⇑ Corresponding author.
E-mail addresses: thomas.koellner@uni-bayreuth.de (T. Koellner),
matthias.schroeter@ufz.de (M. Schröter), nynke.schulp@vu.nl
(C.J.E. Schulp), peter.verburg@vu.nl (P.H. Verburg)
Available online 30 May 2018
